Several researchers highlighted that soil B range between 0-0.4, 0.5-2.4, 2.4-4.9 ppm and above 5 ppm could be considered as deficient, optimum, toxic and highly toxic, respectively (Hodgkiss et al. 1942 , Wolf 1971 . Hodgkiss et al. (1942) confirmed that in a growth mixture containing 50% sand and 50% soil, 2.5 ppm B is the upper limit for plant production. However, in the case of many plants, 2 mg B/kg in the soil can be toxic (Carlos 2000) . This depends on the rate of plant B uptake from the soil that varies according to the soil texture, soil pH and the presence of other cations in the soil. As in neutral or acidic soils, B subsists as undissociated boric acid; it is efficiently absorbed by the plant roots.
Limited studies have been performed on B effects on soybean yield and seed fatty acid and oil composition. Schon and Blevins (1990) and Ross et al. (2006) demonstrated that the time of B application (vegetative and flowering stage) and the amount of B applied could have positive effects on soybean yield. Bellaloui et al. (2013) showed an altered seed composition and increased B accumulation in seeds on foliar B application. However, the effect of soil B application on soybean seed fatty acid composition remained unturned.
Hence, in this study, the responses of soybean cultivars against B deficiency and toxicity were investigated for the first time in greenhouse experiments using B-deficient Central Anatolian agricultural soil. The study aimed at evaluating the variations among the studied soybean genotypes towards B deficient, toxic B and highly toxic B growth conditions, in terms of yield, seed protein content and fatty acid composition.
MATERIAL AND METHODS
Four soybean cultivars (13935, Türksoy, ME 3399 and Deficiency) were grown under controlled greenhouse conditions at the Selcuk University, Faculty of Agriculture, Konya, Turkey. During the experiment, temperature, solar intensity and relative humidity inside the greenhouse were maintained at 25 ± 3°C, 1750 ± 50 kcal/m 2 and 60 ± 10%, respectively. B deficient soil (with 0.13 mg B/kg soil) with different mineral elements was used to conduct the trial (Table 1) . Determining the effect of B deficiency on the fatty acid composition of soybean genotypes was one of the main objectives of the experiment and therefore, soil deficient in B was utilized for the experiment. (Hodgkiss et al. 1942 , Wolf 1971 . Five seeds were grown in each pot containing 3 kg soil each with all the nutrients required for normal growth except B. The water content of the soil was kept at 50-75% of field capacity during the assay. At maturity, plants were harvested, washed and plant shoot length and biomass were measured followed by air-drying in a hot air oven at 70°C for 48 h. Dry matter. Seed yield per plant was determined as g/plant by weighing peeled seeds on a 0.01 g sensitive balance (Sartorius LE623 S, Göttingen, Germany).
Determination of the boron content. B concentrations of the leaf samples were determined using the Inductive Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES) (Vista-Pro Axial; Varian Pty Ltd., Victoria, Australia) (Soil Survey Laboratory Methods Manual 2004).
Protein analysis. Protein contents of the seeds were determined according to the standard manual method AACC 46-30 of Combustion Nitrogen Analyzer, Leco TruSpec CN (Saint Joseph, USA).
Oil extraction. The oil from soybean seeds (about 10 g) was extracted using petroleum ether at a solvent ratio of 10:1 (v/w plant material) and boiled (60°C) for 4 h using a Soxhlet extractor (Ankara, Turkey).
Fatty acid analysis. To determine the fatty acid composition of the oils, fatty acid methyl esters were prepared from soybean oil using cold saponification method (Stefanoudaki et al. 1999 ). A gas chromatograph (Shimadzu, Kyoto, Japan), equipped with a flame ionization detector and a split/splitless injector, was employed. Separations were made on a Teknokroma TR-CN100 (Barcelona, Spain) fused-silica capillary column (60 m, 0.25 mm internal diameter, 0.20 µm film thickness). The carrier gas was nitrogen, with a flow rate of 1 mL/min. The injection volume was 1 mL, and peaks were identified by comparing their retention times with those of the authentic reference compounds (Sigma-Aldrich, St. Louis, USA).
Statistical analysis. In the statistical part, data were subjected to the analysis of variance and standard deviation for all the assessed parameters was estimated based on the values of three replicates.
RESULTS AND DISCUSSION
Studies on the determination of B deficiency or toxicity symptoms in plants have drawn greater interest worldwide (Wimmer and Goldbach 2007) .
In this study, biomass, dry weight, seed yield and B concentrations of soybean cultivars were affected by different levels of B treatment (Figure 1) .
Plant dry weights decreased by 19% and 40% under 2 mg B/kg and 12 mg B /kg treatment, respectively when compared to 0 mg B/kg supply. The greatest decrease in dry weight due to B application was recorded in cv. ME 3399, whereas the cv. Deficiency was the least influenced cultivar (Figure 1 ). This was in accordance with the previous studies that reported significant variations in plants in sensitivity towards B toxicity (Paull et al. 1988) . In the present study, mean plant lengths of soybean cultivars were increased by 9% and 28% after 2 and 12 mg B/kg treatments, respectively (Figure 1) .
B concentrations of soybean cultivars were also enhanced with increasing B concentrations in the soil. Mean B concentrations of the soybean cultivars were 82.52 and 391.60 mg/kg of leaves dry weight after 2 and 12 mg B/kg treatments, respectively. Türksoy cultivar presented the highest increase in B concentration. According to Benton et al. (1991) , an adequate amount of B in leaves is 20-75 mg B/kg of dry weight during the flowering period. Hence, the boron amount in tissues above this concentration can be considered as toxic. Accordingly, under 2 mg B/kg treatment, leaves of cvs. 13935 and ME 3399 contained toxic levels of B; while under 12 mg B/kg supply, all the cultivars contained toxic levels of B (Figure 1 ). Toxic levels (2 and 12 mg/kg) of B application led to a decrease in seed yields in all the cultivars used in the experiment (except cv. Türksoy under 2 mg/kg treatment). However, the effects of B application on seed yield were not consistent in previous studies, either (Ross et al. 2006 ). This may be due to differences in soil physical and chemical properties, which affects the B availability to plants (Ross et al. 2006) .
In this study, the protein content of soybean seeds increased with B dosages, where the highest increase was obtained in cv. ME 3399 (Figure 1) . B deficient conditions showed the lowest protein content in all the genotypes similar to the results observed by Bellaloui et al. (2013) and Worthington and Boswell (1971) .
The total oil content of the experimental soybean genotypes ranged between 16.51-22.15% (Figure 2) . The highest and lowest total oil contents were determined in cvs. Deficiency and ME 3399, respec-tively. At 12 mg B/kg application, all genotypes except cv. Deficiency showed a decreased total oil content. Similarly, in experiments conducted by Bellaloui et al. (2013) , the total oil content decreased under B application. However, the inverse association between protein and oil content under B supply was reported by Bellaloui et al. (2013) .
Boron toxicity dosage has reduced the fat content of soybean seeds (except for cv. Deficiency). Generally, quantitative values of palmitic acid of cvs. ME 3399 and Deficiency soybean cultivars increased at the level of 2 mg B/kg supply. Linoleic acid levels in oils varied in between 49.75% and 54.88%. cv. Türksoy had the lowest average linoleic acid level (49.88%). Also, linoleic acid contents of oils of all the soybean cultivars except cv. Türksoy decreased with the increase in boron dosage levels. Despite the application of various doses of boron, the rate of unsaturated fatty acids in soybean oil is not below 80%. According to these results, the toxicity effect of boron on linoleic acid synthesis in soybean seeds was observed; however, cv. Türksoy was less affected under boron toxicity. Generally, fatty acid 
compositions of soybean oils were affected depending on the boron dosages and showed differences among soybean cultivars. These differences can be probably due to cultivar, genetic factor, boron level, and soilenzyme interactions. Under 2 mg B/kg supply, the increase in B concentration was associated with an increase in the protein and oleic acid content (except cv. Türksoy) and decrease in linoleic acids. This suggests that B application regulates the seed composition by influencing the fatty acid content and seed protein (Bellaloui et al. 2010) . B applications resulted in a level significant increase in the oleic acid ratio of cv. 13935, leading to a 17.92% increase. Cv. Türksoy oils had the lowest levels of α-linolenic acid (6.96% mean). However, this fatty acid did not show regular changes according to the B treatments. The levels of α-linolenic acid in the cvs. Deficiency and Türksoy decreased after B application. Lowering of α-linolenic acid content is important in soybean oil research due to its association with flavour instability. Decreased percentage of linolenic acids [C18:3] and increased percentage of stearic acids [C18:0] can enhance the frying stability of the oil.
The oils of cv. Deficiency contained the lowest ratios of saturated fatty acids such as stearic (5.40%) and palmitic (9.01%) acids. Stearic acid levels of all the cultivars increased under 12 mg B/kg as compared to deficient B application (except cv. ME 3399 oils) with the highest increase determined in cv. Türksoy oils as 72.5% and 56.9% on 2 and 12 mg B/kg supply levels, respectively. Soybean oil with a high percentage of stearic acids [C18:0] has significantly greater oxidative stability than the normal soybean oil. Cv. Türksoy showed the highest increase in stearic acids at B treat- ments, although the ratio of saturated to unsaturated fatty acids will be high in this cultivar under 12 mg B/kg treatment, the oil obtained may have a greater oxidative stability. On the contrary, palmitic acid levels decreased in all the genotypes after B treatment, except oils of the cv. Deficiency.
In conclusion, taking into account the changes in biomass, dry matter and seed yield of dwarf soybean cultivars after B treatment, it can be concluded that cvs. 13935, ME 3399 and Deficiency are more tolerant to B deficiency and can be cultivated without B application. Türksoy has been observed as the cultivar with additional average/lower biomass/yields under normal growth conditions in most of the previous studies (Copur et al. 2009 , Bakal et al. 2017 . In this study, it can be considered as sensitive towards B deficiency because while all the other genotypes showed higher seed yield under 0 B supply as compared to 2 mg B/kg treatment, cv. Türksoy provided lower seed yield despite having high dry mass under 0 B supply. The seed protein content of soybean cultivars changed depending on the B applications, and the highest level of increase in the protein values was determined in cv. ME 3399.
Overall, B application led to a considerable increase in the protein contents of the soybean seeds, whereas their dry weights were decreased. Accordingly, both lower and high toxic level of B application resulted in significantly reduced seed yields and enhanced seed protein content in all the experimental cultivars. However, the genotypes used in this study can be grown under B deficient and toxic growth conditions depending on the results obtained regarding the yield and fatty acid composition.
